To creat a preliminary database in accordance with McNamara's cephalometric analysis on lateral view of 3D CT cephalometric of the population from northeast China. Lateral 3D CT scans from 98 adults with Class I normal occlusal relationship from northeast China were collected. The coordinates of landmark points including the subspinale, supramental, upper incisor, pognion etc, were measured with the Frankfort plane and a vertical straight line though the nasion being the origin of reference. Measurements were taken with respect to effective maxillary and mandibular lengths, middle anterior and anterior face heights, and lower anterior length. The data were then analyzed with the data in McNamara's cephalometric analysis. Our lateral view of 3D CT based McNamara's cephalometric data indicate that subspinale locate antierior to the vertical line, but there is no significant difference between male and female. Statistical differences exist between male and female on effective maxillary length, effective mandibular length, 1/3 height of middle face, 1/3 height of lower face and lower face length. The present study built the first preliminary data of McNamara's cephalometric analysis on lateral view of 3D CT cephalometric of the population from northeast China. These data would be a useful reference for diagnosis and treatment plan of dental facial deformities, however it will take time to accumulate a large sample to establish a representative database.
Introduction
Orthognathic surgery is an effective method for the treatment of dento-maxillofacial deformities and reshaping of facial contours. In order to determine the degree and type of deformity of jaw, Steiner cephalometrics analysis 1) is generally used to measure SNA and SNB angles to determine the positional relation of jaw and anterior cranial base. However this method cannot give a clear answer to the question how many millimeters the jaw should be moved to achieve the optimal angle in jaw deformity surgery. McNamara's method takes the straight line through point N and perpendicular to the FH plane as reference to determine the positional relation of jaw and anterior cranial base, and evaluates jaw development by length 2) , which can be used to guide orthognathic surgery 3) . Traditional X-ray projection suffers from overlapping images and makes it difficult to pinpoint the exact location of orbitale (point Or) and porion (point Po) and is therefore prone to cause large measurement errors. Lateral view of 3D CT imaging, however, effectively obviates such problem in that can clearly show the structure of craniofacial skeleton 4) . This connect point Po and Or to establish the X-axis of the coordinate system; lastly, establish the Y-axis using the straight line through point N and perpendicular to the FN plane, and save the image as JPEG ( Fig. 1 ). We used Dimaxis Pro3.2.2 to read the lateral 3D CT images, take McNamara cephalometrics as reference, pick eleven common landmarks to measure linear distance ( Table 1 ). The landmark identification was calibrated between investigators and only one investigator was involved in landmark identification. difference between groups would be obtained through t-test in two samples and reflect the statistical significance. The linear relationship of the two groups of data is reflected in the obtained regression equation. Table 1 and Table 2 were measured ( Fig. 2 ). 
Results
The cephalometric measurements are summarized in Table 3 .
For variables inrelation to maxilla to cranial base, mandible to cranial base and dentition, there were no significant differences We also obtained the correlations between different measures and summarized the results in Tables 4 and 5. Tables 4 and 5 show the positive correlation between maxillary prominence (A-N) and mandibular prominence (Pog-N), coefficient of correlation is 0.636 in male and 0.698 in female which is statistically significant (p<0.001). Effective maxillary length (Co-A) and effective mandibular length (Co-Gn) have a positive correlation. Coefficient of correlation is 0.571 in male and 0.727 in female which is statistically significant (p<0.01). Effective mandibular length (Co-Gn) and height of lower anterior face (ANS-Me vertical) have a positive correlation, coefficient of correlation is 0.571 in male and 0.727 in female which is statistically significant (p<0.001). Effective mandibular length (Co-Gn) and length of lower anterior face (ANS-Me vertical) have a positive correlation, coefficient of correlation is 0.451 in male and 0.666 in female which is statistically significant (p<0.05). Effective maxillary length (Co-A) and the length of the lower face (ANS-Me) do not have a positive correlation and is not statistically significant (p>0.05). This indicates that 1/3 of the length of lower face (ANS-Me) has a linear relationship with effective mandibular length (Co-Gn), but not so with effective maxillary length (Co-A).
Discussion
McNamara's analysis is a common method used in cephalometric measurements. It features the use of linear distance to express the relative position of the maxilla and mandible with the skull 2) . The straight line through the nasion and perpendicular to the Frankfort plane is used to establish the coordinate of reference. Measurements rely on linear distances rather than angles. The system is well suited in diagnosing, treatment planning, and treatment evaluation. The treatment plan becomes easier not only for traditional orthodontic patients, but also for patients with jaw dysplasia who are waiting for correctional dentofacial and orthognathic surgeries 6) . McNamara's method is more sensitive to vertical changes in jaw bone than analyses based on the ANB angle such as Steiner's. As the ANB angle is not sensitive to mandible vertical differences, relying on its use may mislead the surgeon. McNamara's cephologmetric analysis has been proved be applicable in a variety of clinical cases.
McNamara's analysis caught the attention of Western scholars and has since been applied in orthognathic surgeries. Pan et al.
conducted McNamara's cephalometric analysis on adults in Shanghai, China for the first time in 1996 7) . After that, similar studies have been published on cephalometric analysis on normal adults and adolescents in different areas [8] [9] [10] . Nonetheless, this method is not able to cover all the desired measurement indicators. Therefore, doctors should select and add their own indicators.
X-ray cephalometrics is widely used in the clinical diagnosis of craniofacial deformity thanks to its convenience and efficiency 11) . When the McNamara method is applied based on of lateral skull X-ray, hard tissue images from the left and right are overlapped resulting in poor resolution of designated landmarks due to unclear porion and errors in the Frankfort plane. This may cause large systematic errors when marking skull landmarks and subsequent measuring. 3D CT, however, is able to clearly map the surface structure of the craniofacial skeleton and accurately display abnormal bone structures 12) . Craniomaxillofacial measurements are more accurate and reliable this way 13) . In particular, there are two notable advantages of 3D CT over Xray: (1) Mesurement contents are more comprehensive. Through 3D reconstruction, all the organ surface and internal structure information can be rebuilt from the outside to the inside, making the accurate detailed display of maxillofacial bones possible. Nuance absent from traditional X-ray images can now be clearly observed. Measurements taken on the maxillofacial skeleton pertaining to the diameter line, distance, angle, area and volume are more accurate and reliable, which can serve in bilateral as well as pre-op and post-op comparisons [14] [15] [16] . (2) Measuring is more precise. 3D CT is able to clearly display surface structures in the actual size 17) . With the development of softwares, 3D CT data could even be used for surgical simulation 18) . For the first time, we used 2D images from 3D CT on deformity-free subjects to explore the role of lateral view of 3D CT imaging in evaluating the relative postions between the skull and jaw. Craniomaxillofacial lateral view of 3D CT imaging is able to clearly show the positions of key landmark points such as, which can then be used to establish a reliable coordinate system that obviates the interference problem caused by overlapping shadows inherent in traditional lateral skull X-ray photography. The Frankfort plane can be precisely established, and the coordinate system via the plane and the line through point N and perpendicular to the plane can be ulitized to perform McNamara cephalometric analyses. It is worth emphasizing that even though our study centers on the use of 3D CT, it is in actual fact based on analyses on 2D images derived from 3D CT imaging. The measured length from 2D pictures is the straight-line distance between two points while it is the surface length in 3D images. This means that values from untreated 3D images should be larger than those from our method and those from traditional X-ray cephalometric analysis. Wong et al used CBCT 3D images to measure the mandible length of adults in southern China 19) : 127.7 mm in male and 119.7 mm in female. Our study shows that the mandible length of adults in northeast China is 119.7 mm in male and 111.9 mm in female. The discrepancy is caused by different ways of measuring.
The former cephalometric distance is measured on the surface of skull image on CBCT. Our cephalometric distance is straight line between the two points on 2D image. Therefore the data are not comparable.
This paper contributes to the literature in that it enriches the cepholometric data Chinese adults through the addition of analyses of McNamara's cephalometric measurements on adults from northeast China. This study shows that the measurement results of the left and right sides of the same person have no significant difference, suggestive that the landmarks are accurate and measurement error is small, therefore this result lends support that the method used in this study is reliable. There are gender differences in craniofacial measures including effective maxillary length, effective mandibular length, height of middle face and height of lower face (p<0.05). The values for male are larger than those for female. There are no gender differences in maxillary prominence and mandibular prominence. This indicates that the length of the male mandibular is larger than that of the female.
Also, the heights of male upper and lower face are higher than those of female indicating that the male skull is larger that of the female. Larger individual variability emerges as we approach the bottom of the face. This indicates that the bottom 1/3 of the lower face may better reflect individual facial features.
However, this method cannot locate the point of the lower incisor, therefore the distance from the edge of the mandibular incisors to the line perpendicular to point A cannot be accurately measured. In addition, the effect of soft tissue and its relationship with craniofacial lateral cannot be analyzed at the same time like X-ray cephalometrics. In conlusion, a preliminary lateral view of 3D CT cephalometric database of the population from northeast China was created. The significant gender differences indicate that gender specific data should be made available. It will take time to accumulate a large sample to establish a representative database.
These data would be a useful reference for diagnosis and treatment plan of dental facial deformities, especially for repositioning of maxilla during orthognathic surgery. When facing the difference between clinical manifestations and skull measurements in orthographic and cosmetic surgeries, clinical manifestations should take precedence and each patient's specific characteristics and personal expectations should be fully factored in 20) . Physicians should avoid relying on solely on standard values of cephalometric landmarks as the basis when diagnosing and treating craniofacial anomalies 21) .
